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Recoveryplansdelineatereasonableactionsthat arebelievedto be requiredto recover
and/orprotectlisted species.Planspublishedby theU.S. FishandWildlife Serviceare
sometimespreparedwith theassistanceof recoveryteams,contractors,Stateagencies,
andotheraffectedandinterestedparties. Plansarereviewedby thepublic andsubmitted
to additionalpeerreviewbeforetheyare adoptedby theFishandWildlife Service.
Objectivesoftheplanwill be attainedandanynecessaryfundsmadeavailablesubjectto
budgetaryand otherconstraintsaffectingthepartiesinvolved, aswell astheneedto
addressotherpriorities. Recoveryplansdo notobligateotherpartiesto undertake
specifictasksandmaynot representtheviewsnor theofficial positionsorapprovalof
any individualsor agenciesinvolved in developingtheplan,otherthantheFishand
Wildlife Service. Recoveryplansrepresenttheofficial position oftheFishandWildlife
Serviceonly aftertheyhavebeensignedby theDirectoror RegionalDirectoras
approved. Approvedrecoveryplansaresubjectto modificationasdictatedby new
findings, changesin speciesstatus,andthecompletionofrecoverytasks.

By approvingthis recoveryplan, theDirector or RegionalDirectorcertifiesthat thedata
usedin its developmentrepresentthebestscientificandcommercialinformation
availableat thetime it waswritten. Copiesof all documentsreviewedin the
developmentoftheplanareavailablein theadministrativerecordlocatedat theAsheville
Field Office in Asheville, NorthCarolina.

Literature citations should read as follows:

U S. FishandWildlife Service. 1997. RecoveryPlanfor Anthony’sRiversnail.
Atlanta, GA. 21 pp.

Additional copiesmaybe purchasedfrom:

Fish andWildlife ReferenceService
5430GrosvenorLane,Suite 110
Bethesda,Maryland 20814

Telephone:301/492-6403or
1-800/582-3421

Thefeesfor recoveryplansvary, dependinguponthenumberofpages.
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EXECUTIVE SUMMARY

CurrentStatus: Anthony’s riversnailis listed asendangeredwith no designationof
critical habitat. This freshwatersnailwasoncefairly widespreadin the TennesseeRiver
system,whereit wasassociatedwith shoalareasin the main stemoftheTennesseeRiver
andthelower reachesofsomeofits tributariesin easternTennessee,northernAlabama,
andnorthwesternGeorgia. Manyofthesepopulationshavebeenlostasa resultof
impoundmentsandthegeneraldeteriorationofwaterquality from siltationand other
pollutantscontributedby pastmining activities, poorland-usepractices,andwaste
discharges.Only two populationsofAnthony’s riversnailareknownto survive--onein
the TennesseeRiver in JacksonCounty,Alabama,andMarion County, Tennessee,
extendinginto the lower SequatchieRiver, Marion County,Tennessee;and onerestricted
to thelower reachesofLimestoneCreek,LimestoneCounty,Alabama.

HabitatRequirementsandLimiting Factors:Anthony’s riversnailhasbeenrecorded
from both largeandrelatively small streams;however,the majorityofthe historicand
recentrecordsofthe speciessuggestthat it is primarily abig-riverspecies. It is typically
foundon largesubmergedobjects(e.g.,rocksandlogs) orgravelly substratain relatively
shallow,moderatelyto fast-flowingwater. Thespecieshasbeenrecordedfrom
impoundedstreamreaches.In theSequatchieRiver andtheTennesseeRiver, the species
hasbeenfoundprimarily in areasoftransitionbetweentheswiftly flowing waterof runs
andriffles and thecalmerwaterof pools. In LimestoneCreekthe speciesis generally
found in themoderatelyflowing waterof streamrunsandriffles. Thepotentialfor
degradationofthewaterandsubstrataquality in the two areaswhereAnthony’s riversnail
still survivesis themostsignificant threatto thespecies’continuedsurvival. Unlessnew
populationsarefoundor reestablishedandexistingpopulationsaremaintained,this
specieswill remainin dangerof extinctionfor theforeseeablefuture.

RecoveryObjective: Delisting.

RecoveryCriteria: Downlist from endangeredto threatenedstatuswhenthefollowing
criteriaaremet: (1) throughprotectionofboth existingpopulationsandsuccessful
reestablishmentor discoveryofadditionalpopulations,atotal offour distinct viable
populationsexistwithin thespecies’historic range;(2) eachof thefourpopulationsmust
haveat leasttwo yearclassespresentandshowevidenceofsuccessfulreproduction(with
at leastonejuvenile ageclasspresent);(3) all fourpopulationsandtheir habitatsare
protectedfrom presentandforeseeablethreats;and(4) all fourpopulationsremainstable
or increaseovera periodof at least10 years.

Delist whenthefollowing criteriaaremet: (1) throughprotectionofboth existing
populationsand successfulestablishmentordiscoveryofadditionalpopulations,atotal of
six distinct viable populationsexistwithin thespecies’historic range;(2) eachofthe six
populationsmusthaveatleasttwo yearclassespresentandshowevidenceof
reproduction,with at leastonejuvenile ageclasspresent;(3) all six populationsandtheir
habitatsareprotectedfrom presentandforeseeablethreats;and(4) all six populations
remainstableor increaseover a periodof at least10 years.
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Actions Needed:

1. Utilize existing legislation/regulationsto protectthespecies.
2. Elicit supportfor recoveryeffortsthroughthedevelopmentand

implementationofan information/educationprogram.
3. Searchfor newpopulationsandmonitor existingpopulations.
4. Determinethespecies’life history, habitatrequirements,andthreats.
5. Implementmanagementandalleviatethreatsto thespecies’existence.
6. Throughaugmentation,reintroduction,andprotection,establishsix

viable populations.
7. Developandimplementcryopreservationof thespecies.

Cost ($OOOs):

Year JNeedl [Need2] Need_3j_Need_4j_Need5_JNeed6INeed7ITotal=

1997 5.5 8.0 6.0 25.0 0.0 30.0 8.5 83.0

1998 5.5 5.5 6.0 25 0 25 0 30.0 8.5 105.5

1999 5.5 3.0 4.0 25 0 25 0 30.0 2.0 94.5

2000 5.5 0.0 0.0 0 0 25 0 10.0 2.0 42.5

2001 5.5 0.0 40 00 7 100 20 215*

2002 5.5 2.0 00 00 7 100 20 195*

2003 5.5 0.0 55 00 7 00 20 130*

2004 5.5 0.0 00 00 7 00 20 75*

2005 55 20 5.5 00 7 0.0 20 150*

2006 55 00 0.0 00 7 0.0 20 75*

2007
—
Total

55 00 5.5
———

60 5 20 5 36.5

00 7 0.0 20 130*

75.0 75Q* 120.0 35.0 422.5*

* Habitatimprovementcostsneededfor thespecies’recoverywill not be knownuntil the

magnitudeof specificthreatsis determinedthroughresearch.

Dateof Recovery: Thedownlistinganddelistingdatescannotbe estimatedat this time.
A time periodof at least10 yearsis neededto documentthestability ofpopulationsafter
all otherrecoverycriteriaaremet.
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PART I

INTRODUCTION

On April 15, 1994,theU.S. FishandWildlife Service(Service)listed Anthony’s
riversnail (Athearniaanthonyl)asan endangeredspecies(Service1994). Critical habitat
wasnotdesignated.Only two small populationsofthespeciesareknownto survive--one
in theTennesseeRiver andextremelower SequatchieRiver,Marion County, Tennessee,
andJacksonCounty,Alabama(TennesseeRiver/SequatchieRiverpopulation),andone
populationrestrictedto thelower reachesof LimestoneCreek,LimestoneCounty,
Alabama(LimestoneCreekpopulation). The species’continuedexistenceis dependent
on maintainingthewaterandhabitatquality ofthesetwo sitesandreestablishingand
protectingadditionalpopulationselsewherewithin thespecies’historic range.

Description,Distribution, and Life History

Anthony~s riversnailwasoriginallydescribedfrom specimenscollectedin the“Holstein”
(=Holston)River, nearKnoxville, Tennessee(“Budd,” in Redfleld, 1854). It is a
relatively largefreshwatersnailofthefamily Pleuroceridae.Thespeciesgrowsto about
2.5 centimeters(1 inch) in shell length(baseto top of spire). Its shellis ovateandolive
greento yellowish brownin color, with variablepurplishor brownishbandsthatencircle
thebody whorl (largestwhorl). Theshell spireis short andhasaboutfour whorls,though
oftenthoseabovethebodywhorl arebadlyeroded. Thebody whorl of adultsis strongly
shouldered(carinate),with aseriesoflarge, irregular, obtusetubercles. Thetuberclesare
oftenlittle morethanbroadundulationsof theshoulder. Theshell apertureis ovatewith
a thinouterlip, oftenwith somepurplecolorationwithin. Thecolumellarlip is reflected
so that it partially orentirely coversadeepumbilical depression(adaptedfrom Gordon
1991). JuvenileAnthony’s riversnailsaredistinct,beingaswide(measuredacrossthe
aperture)astheyare long,with pointedspiresandbases.This shape,along,with aheavy
carina, givesthema saucer-shapedappearance.As an individual grows,thecarina
graduallydisappears,andtheshell attainsdimensionsthat aregreaterin lengththan
width.

ThoughAnthony’sriversnail is adistinctive species,therearetwo snailswithin its
historic rangethat aresimilar in appearance.Therehasbeenconsiderableconfusionover
thestatusofone ofthesesnails,AthearniacrassaHaldeman1841,thebouldersnail.
Literatureaccountsdescribebouldersnailsashavingtubercleson thebodywhorl that are
higherand moreprominentthanthoseofAnthony’s riversnail (Goodrich1931)or make
no mentionofwhorlsat all (Tryon 1873). In anycase,thebouldersnail,whichwas
foundprimarily in theTennesseeRiver headwaters,appearsto be extinct(Gordon1991).

Theotherspeciesthatmaybe confusedwith Anthony’s riversnailis Leptoxispraerosa
Say 1821. theonyx rocksnail. Adult Anthony’s riversnailstendto be considerablylarger
thanonyx rocksnails. Theonyx rocksnaillacks tubercleson theshoulderof thebody



whorl, while the shoulderof adult Anthony’s riversnailsoftenhaslarge,obtusetubercies.
Thoughboth haveaparietalcallus,thecallusof theonyx rocksnaildiffers from that of
Anthony’s riversnailin thatit doesnotreflectbackover theparietalwall. A deep
umbilical depressionis coveredby thecallusofAnthony’sriversnail, but theumbilicusis
usuallylacking in shellsoftheonyx rocksnail. Also, theshellsofjuvenile onyx
rocksnailsarenot carinate,asaretheshellsofjuvenileAnthony’s riversnails(Tryon
1873,BoganandParmalee1983).

Anthony’s riversnail is endemicto theTennesseeRiver system. Thesnailwas
historicallyknownfrom themain stemoftheTennesseeRiver from Knoxville, Knox
County, Tennessee,downstreamto MuscleShoals,ColbertandLauderdaleCounties,
Alabama(Goodrich1931, BoganandParmalee1983). In his discussionoftheshell
charactersofthis species,Goodrich(1931)alsomentionedspecimensfrom theLittle
TennesseeRiver (probablyfrom nearits mouth,LoudonCounty,Tennessee);Sequatchie
River (Marion County,Tennessee);Little SequatchieRiver (Marion County,Tennessee);
FrenchBroadRiver (nearits mouthin Knox County,Tennessee);andBattleCreek
(MarionCounty, Tennessee).In a similar paper,Goodrich(1941)describedspecimens
from theClinch River in Tennessee.To this list, BoganandParmalee(1983)addedthe
NolichuckyRiver (GreeneCounty, Tennessee);BeaverCreek(Knox County, Tennessee);
Tellico River (MonroeCounty,Tennessee);SouthChickamaugaCreek(CatoosaCounty,
Georgia);TigerCreek(CatoosaCounty, Georgia);andan additionalsite on the Little
TennesseeRiver (MonroeCounty, Tennessee).Goodrich(1940)addedtheElk River to
thedistributionofA. anthonylbut did not give anyspecific dataon the locality or cite any
references.Goodrich(1941)alsomentionedPineyCreekasthecollectionlocality of
someshellsthat he discussedin his paperon pleuroceridshell sculpture. Thoughhe did
not give thelocationof PineyCreek,it is likely in LimestoneCounty,Alabama. The
PineyCreek in LimestoneCounty,Alabama,is partoftheLimestoneCreeksystemin
which a populationofA. anthonyicurrentlyexistsbut is now separatedfrom Limestone
Creekby an embaymentofWheelerReservoir.

Presentlyonly two populationsofA. an;honyiareknownto survive. Thelargestofthese
occursin theTennesseeRiver, JacksonCounty,Alabama(Jenkinson1994),andMarion
County, Tennessee(Gamer1994). This populationextendsashortdistanceinto the
lower SequatchieRiver, Marion County, Tennessee(M. Gordon,Tennessee
TechnologicalUniversity,and S. Ahlstedt, TennesseeValleyAuthority, personal
communication,1991). Theothersurviving populationis restrictedto a relativelyshort
reachofLimestoneCreekin LimestoneCounty, Alabama(F. Thompson,Florida
MuseumofNaturalHistory, personalcommunication,1991;Garner1992).

Thelife history andecologicalrequirementsofA. anthonyiaregenerallyunknown. Other
generain thefamily Pleuroceridaeareknownto be oviparous,andby inferenceit maybe
assumedthatA. anthonyiis as well (Morrison 1954). Thoughlittle informationon the
habitatpreferencesofA. anthonyiis availablein the literature,thefact thatit wasmuch
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morewidespreadin thepreimpoundedTennesseeRiver systemsuggeststhatthe species
preferredtheshallow, swiftly flowing waterthatwasprevalentbeforemajordamswere
built. TheremainingTennesseeRiver populationis founda shortdistancedownstreamof
NickajackDarn (Garner1994, Jenkinson1994). Thehabitatbelowmostofthe
TennesseeRiverdamsis riverine,with rocky substrataandmoderateto heavycurrent
muchof thetime (authorGamer’spersonalobservation).ERM-Southeast,Inc., (1997)
characterizedthehabitatof A. anthonyiat onesiteon the TennesseeRiverwherethe
speciesis foundasbeing “smoothcobble,not coveredwith sand” andfurtherstatedthat
the species“appearedmostcommonin the3- to 6-inchcobbleandlargegravelwhere
theycould moveand feedbetweenthecobblestones.”Goodrich(1931)reported
collectingthespeciesfrom threestreams,with thewaterin each“. . . slowmovingat the
season,whichwaslate summer.. . ,“ but he speculatedthatall wereprobablysubjectto
high flow at othertimesoftheyear. In the SequatchieRiver thespecieswasreportedto
havebeenfoundprimarily on largesubmergedobjects(e.g., rocks,logs) in areasof
transitionbetweentheswiftly flowing waterof runsandriffles andthecalmerwaterof
pools (S. Ahlstedt,U.S. GeologicalSurvey,personalcommunication,1995). In
LimestoneCreekthe specieswasgenerallyfoundin themoderatelyflowing waterof
streamrunson submergedobjectsandgravelly substrata(Garner1992).

Threats to the Species’ContinuedExistence

Many populationsof thespecieswereapparentlylost whenlargeportionsofthe
TennesseeRiver andthelowerreachesof its tributarieswereimpounded(Stein 1976).
Theseimpoundmentsalsoresultedin fragmentationandisolationoftheremaining
populations,making themmorevulnerableto extirpationfrom otherenvironmental
perturbations. Additional populationlossesanddeclinesarelikely attributableto the
generaldeteriorationofwater and substrataquality that hasoccurredthis century. Factors
contributingto populationloss includeinadequateerosion/sedimentationcontrol during
mining, agricultural,timbering,andconstructionactivities;run-offand dischargeof
organicandinorganicpollutantsfrom industrial, municipal, agricultural,andotherpoint
and nonpointsources;habitatalterationsassociatedwith channelizationand dredging
activities; and othernaturalandhuman-relatedfactorsthat adverselymodif~y theaquatic
environment. Manyofthesefactorscontinueto threatenthetwo survivingpopulations.

Becausebothextantpopulationsof Anthony’s riversnailarerestrictedto short river
reaches,eachis vulnerableto extirpationfrom a singlecatastrophicevent,suchasatoxic
chemicalspill, or an activity resultingin amajorriver channel/habitatmodification.
Additionally, becausethesepopulationsareisolatedby impoundments,recolonizationof
additional habitatswould be unlikely without humanintervention.

Disease,parasites,and predationmayalsoposethreatsto thecontinuedexistenceof
Anthony’sriversnail. While diseasesof pleuroceridsnailshavenotbeenidentified,like
mostothergroupsofaquaticmollusks,pleuroceridsareoftenheavily infestedwith
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variousparasites.While theseinfestationsarerarelythoughtto be fatal, theymayaffect
reproductionandfunctionasa controlling factorin populationdynamics(Gordon1991).
Also, thespeciesis presumablyconsumedby variousinvertebrateandvertebrate
predators,suchasaquaticfly larvae,crayfish,leeches,salamanders,freshwaterdrum,
muskrats,racoons,etc. While theeffectsofpredationon Anthony’s riversnailhavenot
beenstudied,predationis not thoughtto be a significantthreatto ahealthypopulationbut
could,assuggestedby NevesandOdum(1989), limit therecoveryor contributeto the
local extirpationofpopulationsalreadydepletedby otherfactors.
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PART II

RECOVERY

A. RecoveryObjectives

Theimmediategoalofthis recoveryplan is to maintaintheonly knownsurviving
populationsofAthearniaanthonyiandto protectits remaininghabitatfrom present
andforeseeablethreats. Thereareonly two knownsurvivingpopulationsofthis
species--theTennesseeRiver/SequatchieRiver populationin Marion County,
Tennessee,andJacksonCounty, Alabama,andtheLimestoneCreekpopulationin
LimestoneCounty,Alabama. Lack ofproperprotectionandmanagementofthese
populationswill precluderecoveryof Anthony’sriversnailandmayultimatelyleadto
thespecies’extinction.

Theultimategoal is to restoreandmaintainviable populations1ofA. anthonyfwithin
a significantportionof its historic rangeandremovethespeciesfrom theFederalList
of EndangeredandThreatenedWildlife andPlants.

Reclassificationto threatened:

Anthony’sriversnailwill be consideredfor reclassificationto threatenedstatuswhen
thelikelihood ofthespecies’becomingextinct in theforeseeablefuturehasbeen
eliminatedby achievementofthefollowing criteria:

1. Throughprotectionofexistingpopulationsandthroughthe successful
establishmentof reintroducedpopulationsor the discoveryofadditional
populations,atotal of four distinct viable populationsexist. Thesefour
populationsshall be distributedthroughouta significantportionofthe species’
historic range.

2. At leasttwo distinct, naturallyreproducedyearclassesexistwithin eachofthe four
populations. Oneoftheseyearclassesmusthavebeenproducedwithin the 2 years
prior to thetime thespeciesis reclassifiedfrom endangeredto threatened.

3. Biological andecologicalstudieshavebeencompletedandany requiredrecovery
measuresdevelopedandimplementedfrom thesestudiesarebeginningto show

1Viablepopulation- A naturallyreproducingpopulationthat is largeenoughtomaintainsufficient
geneticvariationto enableit to evolveand respondto naturalenvironmentalchanges.Thenumberof
individualsandtheamountandqualityof habitatrequiredto meetthiscriterionwill be determinedfor the
speciesasone of the recoverytasks.
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signsofsuccess,asevidencedby asignificantincreasein populationdensity
and/oran increasein the lengthof theriver reachinhabitedby eachofthefour
populations.

4. Wherehabitathasbeendegraded,noticeableimprovementsin waterand/or
substratumquality haveoccurred.

5. Eachof thesefour populationsandtheir habitatsareprotectedfrom anypresent
andforeseeablethreatsthat wouldjeopardizetheircontinuedexistence.

6. All fourpopulationsremainstableor increaseover a periodofat least10 years.

Anthony’s riversnailwill be consideredfor removalfrom EndangeredSpeciesAct
protectionwhenthelikelihood ofthespecies’becomingthreatenedin theforeseeable
futurehasbeeneliminatedby theachievementof thefollowing criteria:

1. Throughprotectionof existingpopulationsandthroughsuccessfulestablishment
of reintroducedpopulationsor thediscoveryof additionalpopulations,atotal of
six distinct viable populationsexist. Thesepopulationsshall be distributed
throughoutasignificantportionthespecies’historic range.

2. Two distinct,naturallyreproducedyearclassesexistwithin eachof thesix
populations. Oneoftheseyearclassesmusthavebeenproducedwithin the2 years
prior to therecoverydate.

3. Studiesofthe snail’s biological andecologicalrequirementshavebeencompleted,
andrecoverymeasuresdevelopedandimplementedfrom thesestudieshave
provensuccessful,as evidencedby a significantincreasein populationdensity
and/oran increasein the lengthof theriver reachinhabitedby eachofthesesix
populations.

4. Wherehabitathasbeendegraded,noticeableimprovementsin waterand/or
substratumquality haveoccurred.

5. Eachof thesesix populationsandtheirhabitatsareprotectedfrom anypresentand
foreseeablethreatsthat wouldjeopardizetheir continuedexistence.

6. All six ofthepopulationsremainstableor increaseovera periodofat least
10 years.
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B. Narrative Outline

1. Protect existing populations and essentialhabitat. Presentlyonly two
populations ofAthearnia anthonyi are known to exist. If the speciesis to
surviveand expandits range,protectionoftheexistingpopulationsandremaining
areasof suitablehabitatis vital. Unlessimmediatestepsaretakento stop the
declineofthespeciesandprotectandsecuretheserelict populations,thespecies
maybecomeextinct in thevery nearfuture.

1.1 Utilize existing legislation and regulations (e.g.,Federal Endangered
SpeciesAct, Federal and Statewater quality regulations, stream
alteration regulations, surfacemining laws) to protect the speciesand its
habitat. Presentpopulationscanbe protectedonly by thefull enforcementof
existingFederalandStatelawsandregulationsdesignedto protectwaterand
habitatquality. Unlessthis objectiveis met, anyrecoveryactivitieswould be
essentiallymoot. Habitatandwater quality degradationhaveseverelyreduced
the species’rangeandcontinueto threatentheonly remainingpopulations.
Completecompliancewith lawsandregulationsmustbeensuredif
A. anthonylis to survive.

1.2 Work with appropriateFederaland State regulatory and reviewagencies
to identify and assessprojectsand/or activities that could have negative
effects on the speciesand to ensureincorporation of measuresfor
protecting the speciesand its habitat into such activities. Through
Section7 of theEndangeredSpeciesAct, theFishandWildlife Coordination
Act, CleanWaterAct, etc.,FederalandStateregulatoryandreviewagencies
mustwork togetherto carefullyevaluateandidentifV actionsandactivities
that could potentiallyhavean adverseeffect on the speciesandits habitat.
Onceimpactshavebeenidentified,regulatoryand/orpermittingagenciesmust
be encouragedto utilize their authoritiesto ensurethat thespeciesandits
habitatareadequatelyprotectedfrom suchactivities.

1.3 Solicit help in protecting and enhancingthe speciesand its essential
habitat. Theassistanceandsupportof conservationgroups,local
governments,andregionalandlocal plannerswill be essentialin meetingthe
goalofrecoveringA. anthonyl. Also, thesupportof local industrial,business,
silvicultural, andagriculturalcommunities,aswell aslocal residents,will be
needed.Construction,silvicultural, andagricultural“bestmanagement
practices”shouldbe implementedby all landowners,andNationalPollution
DischargeElimination SystemPermitcompliancemustbe encouragedand
enforced. Local land-useplanningshouldbe encouragedin orderto protect
waterresources,and individualsneedto be informedasto why andhow they
should protectcreeksandrivers. Efforts suchastheService’sPartnersfor
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Wildlife ProgramandprogramsofferedthroughFederalandStatedepartments
ofagriculturemustbeusedto encourageandassistlandownerswith the
restorationofdegradedareasthat arecontributingto sedimentationorwater
pollutionproblems. Without a commitmentfrom thelocal peoplewho have
an influenceon habitatquality in thestreamsinhabitedby thespecies,
recoveryeffortswill be difficult.

1.3.1 Meet with local governmentofficials and regional and local
planners to inform them of our plans to attempt recovery and
solicit their support for protection of thespeciesand its essential
habitat.

1.3.2 Meet with local business,farming, logging, mining, and industry
interests and elicit their support in implementing protective actions.

1.3.3 Developan educational program using such items asslide/tape
shows,brochures,etc. Presentthis material to businessand
industrial groups, civic groups, schools,church organizations,etc.
Educationalmaterialoutlining therecoverygoalsand emphasizingthe
benefitsofmaintainingandupgradinghabitatqualitywill be extremely
useful in informing thepublic ofouractionsandin implementingTasks
1.3.1 and 1.3.2above.

1.4 Encouragethe establishmentof protective water quality designations,
stream buffer zones,and other protection strategiesas a meansof
protecting presentand reintroduced populations. The Serviceshouldwork
with theEnvironmentalProtectionAgencyandappropriateStateagenciesin
TennesseeandAlabamato havespecialstatusassignedto river reachesthat
would provideincreasedprotectionto A. anthonyiandthequality oftherivers
and streamsin which it survives.

2. Determinethreatsto thespecies,conductresearchnecessaryfor the species’
managementand recovery, and implement managementwhere needed.

2.1 Conduct life history researchon the species(e.g.,food habits, age and
growth, reproduction, mortality rates) and characterize the species
habitat requirements (relevant physical, biological, and chemical
components)for all life history stages.Detailedknowledgeis neededwith
regardto thespecies’life cycle, habitatrequirements;communitystructuresof
associatedflora andfauna;andhow thesefactorsaffect reproduction,growth,
andmortality ratesin orderto focusmanagementandrecoveryefforts on
specificproblems.
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2.2 Identify and eliminate current and future threats to the species’survival.
Waterquality andhabitatdegradationresultingfrom siltation andother
pollutantsfrom numerouspoint andnonpointsourcesappearto bemajor
contributingfactorsin thereductionofthe species’range. Thenatureofand
mechanismsby whichtheseandotherfactorsimpactthespeciesarenot
entirelyunderstood.Theextentto whichthespeciescanwithstandthese
adverseimpactsis unknown. To minimize andeliminatethesethreats(where
necessaryto meetrecovery),the informationgatheredin Task2. 1 mustbe
usedto targetandcorrectspecificproblemareasanddeterminethespecific
causativeagent(s).

2.3 Investigate relationships with nonnative bivalvesand prevent
introduction/spread.Ofconcernamongmalacologistsis thepotentialeffect
ofthe introducedzebramussel(Dreissenapolymorpha)on nativefreshwater
fauna,includingsnails. Introductionsof nonindigenousfish mayalsoposea
significantthreatto A. anthonyi.Therelationshipbetweenthese
nonindigenousspeciesandthenativefaunashouldbe thoroughlyinvestigated,
andmeasuresshouldbe implemented(wherefeasible)to preventand/or
minimize their expansionandimpact.

2.4 Basedon the biological data and threat analysis,investigate the needfor
management,including habitat improvement. Implement management
where neededto secureviable populations. Specificcomponentsofhabitat
orbiological needsmaybe lacking,andthis may limit thespecies’potential
expansion.Habitat improvementprogramsmaybe neededto alleviate
limiting factors.

2.5 Determine the number of individuals required to maintain a viable
population and the geneticviability of existing populations. Long-term
managementofA. anthonylpopulationswill requireknowledgeofthegenetic
compositionofeachpopulation,thenumberof individualsnecessaryto
maintaingeneticviability, andan understandingofthefactorsthat affect
viability. Such studiesshoulddevelopandusetechniquesthat minimize the
sacrificeof individuals from naturalpopulations(e.g.,salvageandanalysisof
individualskilled incidentally; nonlethalanalysisof individualsusing small
excisedtissuesamples;productionof an experimentalculturedpopulation,
and developmentofsuchtechniques,usingmorecommonsurrogatespecies).

3. Searchfor additional populations and/or habitat suitable for reintroduction
efforts. Distribution studiesofthis specieshavebeencompleted.However,it is
possiblethat somerelic populationsweremissed,andfurtherstudymayyield
additionalpopulations. Also, surveysareneededto recordandmonitor any future
rangereductionsor expansionsandsuitablehabitatfor reintroductions.
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4. Determine the feasibility of augmentingextant populations and reestablishing
populations within the species’ historic range and reintroduce where feasible.
Thereareonly two knownremainingpopulationsofA. anthonyi--theTennessee
River/SequatchieRiver populationandtheLimestoneCreekpopulation. Forthe
speciesto survive it maybe necessaryat somepoint in thefuturefor these
populationsto be supplementedto enablethemto reachor maintainaviable size.
Also, recoveryof A. anthonylcannotbe achievedwithout thereestablishmentof
the speciesthroughoutasignificantportionof its historicrange. While muchof
the species’historic habitathasbeeninundatedby impoundments,theremaybe
areaswithin thespecies’historicrangethat could supportreestablished
populations.PortionsoftheTellico River,HolstonRiver,FrenchBroadRiver,
andElk River, orotherstreamswithin thehistoricrangeofA. anthonyi, may
containsuitablehabitatand shouldbe evaluatedfor potentialreintroductionofthe
species.Becausethemajority oftheareasfrom whichthespecieshasbeen
eliminatedareisolatedfrom existingpopulations,naturalreestablishmentofthese
areasby the speciesis impossibleandwill requirehumanassistance.However,
beforereintroductionactivitiescanbe carriedoutwith anyconfidencethatthey
canbe successful,additionalresearchis necessaryto determinetherangeof
environmentalrequirementsof thespeciesandsuccessfultechniquesfor its
reintroduction.Further,artificial propagationofthespeciesmaybe necessaryin
orderto obtainsufficient numbersof thespeciesfor successfulreintroductions.

4.1 Determine the need,appropriateness,and feasibility of augmenting and
expanding existing populations. Implementationof this taskwill be based
on populationsize,habitatquality, andthelikelihood oflong-termbenefits.

4.2 Developa successfultechnique for reestablishing and augmenting
populations. It is possiblethat sufficientspecimensof A. anthonyiarenot
currentlyavailableto allow for thetranslocationofenoughindividuals ofthe
speciesto reestablishthenumberofviable populationsneededfor the
downlistingand eventualrecoveryof thespecies.Thereis an immediateneed
to developtechniquesfor propagatingandholdingmollusksfor prolonged
periodsandrearingjuvenilesto asizeandageatwhich theycanbe
successfullytransplanted.Reintroductiontechniquesmust alsobe developed
to ensuresuccess.

4.3 Coordinatewith appropriateFederal and Stateagencypersonnel, local
governments,and interestedparties to identify habitat suitable for
augmentationand reintroduction efforts.

4.4 Augment existing populations where needed,establishnew populations
within the species’ historic range,and evaluatesuccess.Using the
techniquesdevelopedin Task4.2, introducethespeciesandmonitor success.
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4.5 Implement the sameprotective measuresfor any introduced populations
as outlined for establishedpopulations.

5. Developand implement cryogenic techniquesto preservethespecies’genetic
material until such time as conditions are suitable for reintroduction. Habitat
conditionswithin thespecies’historic rangemaynot currentlybe suitablefor a
reintroductionof A. anthonyi to succeed.Cryogenicpreservationof A. anthonyi
couldmaintaingeneticmaterialfrom all theextantpopulations(much like seed
banksfor endangeredplants)until successfulpropagationtechniqueshavebeen
developedandhabitat is suitablefor reestablishmentofthespecies. Additionally,
if apopulationwerelost to acatastrophicevent,suchasatoxic chemicalspill,
cryogenicpreservationcould, if thetechniquescanbe developed,allow for the
eventualreestablishmentofthepopulationusinggeneticmaterialpreservedfrom
that population.

6. Developand implement a program to monitor population levelsand habitat
conditions of existing populations as well as newly discovered,introduced, or
expandingpopulations. During andafterthetime recoveryactionsare
implemented,the statusofthespeciesandits habitatmust be monitoredto assess
any progresstowardrecovery. Quantitativesamplesshouldbe takento determine
densitiesofadultsandjuveniles. Monitoring shouldbe conductedon abiennial
schedule.

7. Annually assessthe overall successofthe recovery program and recommend
action (e.g.,changesin recoveryobjectives,delist, continueto protect,
implementnew measures,other studies). Therecoveryplanmustbe evaluated
periodically to determineif it is on trackandto recommendfutureactions. As
moreis learnedaboutthespeciesandasconditionschange,recoveryobjectives
mayneedto be modified.
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PART LU

IMPLEMENTATION SCHEDULE

Prioritiesin column 1 ofthefollowing ImplementationScheduleareassignedasfollows:

1. Priority 1 - An actionthat mustbe takento preventextinctionorto
preventthespeciesfrom declining irreversiblyin the o.res~ah1~future.

2. Priority 2 - An actionthat mustbe takento preventasignificant decline
in speciespopulation/habitatquality or someothersignificantnegative
impactshortofextinction.

3. Priority 3 - All otheractionsnecessaryto meettherecoveryobjective.

Key to &cronym~ ITi~ed in This Tmplemerlt2tion Schedule

ES - EcologicalServicesDivision, U.S. FishandWildlife Service.
FA - OtherFederalAgencies- IncludestheTennesseeValley Authority, U.S. Natural

ResourcesConservationService,U.S. ForestService,U.S. Army Corpsof
Engineers,U.S. EnvironmentalProtectionAgency, andOffice of SurfaceMining.

FWS - U.S. FishandWildlife Service.
LE - Law EnforcementDivision, U.S. FishandWildlife Service.
R4 - Region4 (SoutheastRegion),U.S. FishandWildlife Service.
SCA - StateConservationAgencies- IncludestheTennesseeDepartmentof

EnvironmentandConservation,TennesseeWildlife ResourcesAgency, Georgia
Departmentof NaturalResources,AlabamaDivision of GameandFish, Alabama
Departmentof ConservationandNaturalResources,AlabamaNaturalHeritage
Program,andGeologicalSurveyofAlabama.

TNC - TheNatureConservancy.
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ANTHONY’S RIVERSNAIL IMPLEMENTATION SCHEDULE

I ResponsibleAgcnc~ CostEstimates(SOOth)
Task Task 1zzIz

Priority Number TaskDescription Duration FWS Other j FYI FYZ FY3 Conunents

1 1.1 Utilize existing legislationand Continuous R4IES FA, SCA 2.5 2.5 2.5
regulationsto protectspeciesand its andLB
habitat.

1 1.2 Work with appropriate Federal and State
agencies to identify actions that could
negatively affect the species and
incorporate protective measures into such
actions.

Continuous R4IES FA, SCA 3.0 3.0 3.0

1 1.4 Encourage establishment of outstanding
resource water designations and other
protective strategies as a means of
protecting the species.

Ongoing R4IES FA, SCA, TNC 7?? 7?? 7??

1 2.1,2.2,
2.3

Conduct research necessary for species’
management and recovery; i.e., habitat
requirements, biology, and threat
analyses.

3 years R4/ES FA. SCA, TNC 25.0 25.0 25.0

2 1.3.1,
1.3.2

Meet with local government oflicials and
business interests and elicit their support
tor recovery.

3 years R4/ES FA, SCA, TNC 3.0 2.0 1.0

2 1.3.3 Develop information and education
program and present.

Ongoing R4IES PA, SCA, TNC 5.0 3.5 2.0 Task duration: 1 year to
develop, then continuous.
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ANTHONY’S RIVERSNAIL IMPLEMENTATION SCHEDULE

Priority

Task

Number Task Description

Task

Duration

Responsible Agency
—

FWSI Other

Cost Estunates (SOOth)
— — —

FYI FY2 py~ Comments— — — —See
comments

24 Based on biological and threat analyses
investigate need for management and
implement where needed.

2 years R4/ES PA, SCA, TNC
— 25 0 25 0 Pnonty 1, 2, or 3, dependingon result of2 1,2.2, and 2.3.

2 2.5 Determine number ofindividuals
required to maintain viable population.

1 year R4IES Contract
and LB

— 7??

2 3 Search for additional populations and
suitable habitat for reintroduction.

Ongoing R4/ES FA, SCA. or
Contract

6.0 6.0 —

2 4 Develop artificial holding and
propagation techniques; reintroduce
species back into historic habitat~ and, if
needed, augment existing populations.

Ongoing R4/ES Contract 30.0 30.0 30.0 Task duration: 3 years
(protection continues).

2 5 Develop and utilize cryopreservation
techniques.

Ongoing R4!BS Contract 8 5 B 5 2.0

2 6 Develop and implement a monitoring
program.

Ongoing R4/ES FA, SCA — — 4.0 Biannual.

3 7 Annually assess recovery program and
modify program and plan where
reautred

Ongoing R4IES FA, SCA — — —

—.

16



PART lV

LIST OF RECLPIENTS

Thefollowing agencies,organizations,andindividualsweremailedcopiesofthis
recoveryplan. This doesnot imply thattheyprovidedcommentsor endorsedthecontents
ofthis plan.

RegionalAdministrator
Attention: EndangeredSpeciesCoordinator
U.S. EnvironmentalProtectionAgency
Atlanta FederalCenter
61 ForsythStreet
Atlanta, Georgia30303-3104

Director
Office ofHydropowerLicensing
FederalEnergyRegulatoryCommission
825 NorthCapitol Street,NE.
Washington.DC 20426

Lt. Col. JohnWhisler
NashvilleDistrict Engineer
U.S. Army Corpsof Engineers
P.O. Box 1070
Nashville.Tennessee37202-1070

“‘Dr William H. Redmond

RegionalNaturalHeritageProject
TennesseeValley Authority
Norris,Tennessee37828

*Dr Jim Layzer

TennesseeTechnologicalUniversit
CooperativeFisheryResearchUnit
Box 5114
Cookeville,Tennessee38505

*Dr Arthur Clarke

325 E. Bayview
Portland,Texas78374

*MJ StevenA. Ahlstedt
U.S. GeologicalSurvey
1820Midpark Drive
Knoxville, Tennessee37921

*Dr. Arthur Bogan
NorthCarolinaStateMuseumof

NaturalSciences
BicentennialPlaza
P.O. Box 29555
Raleigh,NorthCarolina27626

*Dr David H. Stansbery
Ohio StateUniversity
Museumof Biological Diversity
1315 KinnearRoad
Columbus,Ohio 43212-1192

NaturalResourcesDefenseCouncil, Inc.
40 West20th Street
NewYork, NewYork 10011

TheNautilus
AmericanMalacologists,Inc.
Box 2255
Melbourne,Florida32901

Fishand Wildlife ReferenceService
5430GrosvenorLane,Suite110
Bethesda,Maiyland20814

Wildlife Biologist
EufaulaNationalWildlife Refuge
Route2, Box97-B
Eufaula,Alabama3 6027-9294
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*Dr. FredThompson
Florida MuseumofNaturalHistory
DepartmentofNaturalSciences
MuseumRoad
Universityof Florida
Gainesville,Florida32611-2035

Mr. DennisRankin
EnvironmentalProtectionSpecialist
Distributionand TransmissionsBranch
RuralElectrificationAdministration
USDA SouthBuilding, Room 3307
Washington,DC 20250

Mr. Ed Pickering
WaterResourcesDivision
NationalWaterDataExchange
421 NationalCenter
Reston,Virginia 22092

Mr T 3 Granito
EnvironmentalImpactBranch
U.S. CoastGuardHeadquarters(G-WP-4)
Room 1114-B
2100 - 2nd Street,SW.
Washington.DC 20591

Mr. DeanShumwav,Chief
Biological ResourcesBranch
FederalEnergyRegulatoryCommission
825 N. Capitol Street,NE., RB305
Washington.DC 20426

Mr. Fred Regetz
Office of EnvironmentandEnergy
Departmentof Housingand

UrbanDevelopment
Room5136,HUD Building
451 SeventhStreet,SW.
Washington,DC 20410

Dr. RobertStem,Director
Office of EnvironmentalCompliance
Departmentof Energy
ForrestalBuilding, Room4G-064
1000 IndependenceAvenue,SW.
Washington,DC 20585

U.S.ForestService
Wildlife, Fisheries,and Range
1720 PeachtreeRoad,NW.
Atlanta, Georgia30367

Mr. SteveBeleu
OklahomaDepartmentofLibraries
U.S. GovernmentInfonnationDivision
200NE 18thStreet
OklahomaCity, Oklahoma73105-3298

Mr. Michael Bean,Chairman
Wildlife Program
EnvironmentalDefenseFund
1875 ConnecticutAvenue,NW.
Washington,DC 20009

Mr. FredC. Schmidt,Head
DocumentsDepartment- KW
TheLibraries
ColoradoStateUniversity
Fort Collins, Colorado80523-1019

“‘Ms. JayneBrim
NationalBiological Service
NationalFisheriesResearchCenter
7920NW. 71stStreet
Gainesville,Florida32606

EnvironmentalProtectionAgency
HazardEvaluationDivision - EEB (T5769C)
401 M Street,SW.
Washington,DC 20460

ProjectManager(7507C)
EnvironmentalProtectionAgency
EndangeredSpeciesProtectionProgram
EnvironmentalFateand EffectsDivision
Office of PesticidePrograms
401 M Street,SW.
Washington,DC 20460
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* Director
AlabamaNaturalHeritageProgram
Huntingdon College
MasseyHall
1500 EastFairviewAvenue
Montgomeiy,Alabama36106-2148

Traffic U.S.A.
WorldWildlife Fund
1250 Twenty-fourthStreet,NW.,Suite500
Washington,DC 20037

AlabamaWildlife Federation
P.O. Box 1109
Montgomery, Alabama 36101-1109

The Alabama Conservancy
2717 Seventh venue, S., Suite 201
Birmingham, Alabama 35233

*Mr Charles Kelly, Director

Division of Gameand Fish
Alabama Department of Conservation and

Natural Resources
64 NorthUnion Street
Montgomery,Alabama36130

Mr. David Hoge
AlabamaForestryCommission
513 MadisonAvenue
Montgomery,Alabama36130

AlabamaDevelopmentOffice
do StateCapitol
Montgomery,Alabama36130

District Engineer
PD-El,Attention: J. Mallory
U.S.Army Corpsof Engineers
Box 2288
Mobile, Alabama36628

Mr. JamesMartin, Commissioner
AlabamaDepartmentof Conservationand
NaturalResources
64 N. Union Street
Montgomerv,Alabama36130

Mr. John Black, Chairman
LimestoneCountyCommission
CountyCourthouse
310W. WashingtonStreet
Athens, Alabama 35611

* TheNatureConservancy
2821 SecondAvenue,South,NumberC
Birmingham,Alabama35233-2811

*TheNatureConservancy
EastemRegionalOffice
201 DevonshireStreet,5thFloor
Boston, Massachusetts 02110

*TheNatureConservancy
1401 PeachtreeStreet,NE., Suite236
Atlanta, Georgia 30309

*The Nature Conservancy
50 VantageWay,#250
Nashville,Tennessee37228-1504

*TheNatureConservancy

1815 N. Lynn Street
Arlington,Virginia 22209

Mr. Leigh Pegues,Director
AlabamaDepartmentof Environmental
Management
1751 CongressmanW.L. DickinsonDrive
Montgomery,Alabama36130

RefugeManager
WheelerNationalWildlife Refuge
U.S. FishandWildlife Service
Route4, Box 250
Decatur,Alabama35603

Dr. Gary B. Blank
NorthCarolinaStateUniversity
Box 8002
Raleigh,North Carolina27695-8002

Mr. Alan Smith
P.O. Box 887
Mars Hill, North Carolina28754
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* GeorgiaDepartmentofNaturalResources
FreshwaterWetlandsand Heritage

Inventory
2117 U.S. Highway 278, SE.
Social Circle, Georgia 30279

*Mr. ReginaldReeves,Director
EndangeredSpeciesDivision
TennesseeDepartmentofEnvironment

andConservation
401 ChurchStreet
8th Floor, L&CTower
Nashville,Tennessee37243-0447

Tennessee Natural Heritage Program
401 Church Street
8th Floor, L&CTower
Nashville, Tennessee 37243-0447

*Dr John Jenkinson

TennesseeValleyAuthority
HB 2S 270C-C
311 BroadStreet
Chattanooga,Tennessee37402-2801

* Mr. Gary Myers, Executive Director

Tennessee Wildlife ResourcesAgency
EllingtonAgricultural Center
P.O. Box 40747
Nashville,Tennessee37204

Ms. Alice L. Gustin
Publisher/Editor
Land Use Chronicle
P.O. Box 468
Riverton,Wyoming 82501

Mr. Rich Owings
NorthCarolinaArboretum
P.O. Box 6617
Asheville,North Carolina28816

Mr. JuliusT. Johnson
Directorof PublicAffairs
TennesseeFarmBureauFederation
P.O.Box 313
Columbia,Tennessee38401

Mr. CharlesP. Nicholson
EndangeredSpeciesSpecialist
Tennessee Valley Authority
400WestSummitHill Drive
Knoxville, Tennessee37902-1499

HomeEngineeringServices,Inc.
ATTN: Mr. ScottFrancis
4501 FordAvenue,Suite 1100
Alexandria,Virginia 22302

Mr. VernonOsteen
WSRC
Building742A
Aiken, SouthCarolina29808

Mr JohnNash
Tetratech
5203LeesburgPike, Suite900
FallsChurch,Virginia 22041

Mr. SmootMajor
TennesseeDepartmentof Environment

and Conservation
NaturalHeritageDivision
401 ChurchStreet
8th Floor, L&C Tower
Nashville,Tennessee37243-0447

Mr. Alvin Bresich
EndangeredSpeciesUnit
Wildlife ResourcesCenter
108 GameFarmRoad
Delmar,NewYork 12054

TranscontinentalGasPipeline
ATTENTION: Ms. SusanMoates
P.O.Box 1396
Houston,Texas77251

Mr. TedWeasma
P.O.Box 578
Roseburg,Oregon97470
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Mr. Kim Vorief
Office of Surface Mining
Alton FederalBuilding
501 Bell Street
Alton, Illinois 62002

Ms. LeighMcDougal
U.S. ForestService
BlacksburgRangerDistrict
110 SouthparkDrive
Blacksburg, Virginia 24060

Ms. Robin Roecker
U.S. ForestService
4931 BroadRiverRoad
Columbia,SouthCarolina29210

Dr. HarrietGillett
World ConservationMonitoring Centre
219 HuntingdonRoad
CambridgeCB3 ODL
UnitedKingdom

* IndependentPeerReviewers
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